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ELECTROMAGNETIC SHOCK ABSORBER FOR VEHICLE 

Technical Field of the Invention 

[00011 The present invention relates to a shock absorber inserted 
between a vehicle body and a vehicle axle for a vehicle or the 
like to damp vibrations from roads and in particular to an 
electromagnetic shock absorber for a vehicle with a mechanism that 
rotatably threads a screw shaft into a ball screw nut, thereby 
to convert the linear movement of a shaft force transmission member 
into the rotational movement of a motor shaft in a motor through 
the screw' shaft, wherein an electromagnetic force caused by the 
rotational movement of the motor shaft is used as damping force. 



The Related Art 

[0002] Shock absorbers of an oil pressure type are in general known 
as those inserted between a vehicle body and a vehicle axle for 
a vehicle. This oil pressure- type shock absorber suspends the 
vehicle body, as well as improves riding comfort of the vehicle 
by damping input of vibrations from roads. 

[0003] An electromagnetic damping shock absorber of the oil 
pressure type for a vehicle provides a high damping force, and 
to the contrary requires oil. Therefore, the electromagnetic shock 
absorber requires a sealing device to prevent leakage of the oil 
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and also a complicated valve mechanism. In case the oil is leaked, 
it is possible that a desired damping force can not be obtained. 

[0004] Under these circumstances a new electromagnetic shock 
absorber that does not require oil, air, a power source or the 
like has recently been studied and its paper has been published 

(Study of an Electromagnetic Suspension for an Automobile: The 
Automotive Technology Association, pre-edition issue of the 
Lecture, No. 4-00, 2000). 

[0005] A basic structure of the electromagnetic shock absorber 
comprises, as shown in an example of Fig. 4, a ball screw nut 87, 
a flange 74 holding the ball screw nut 87, a flange 74 that an 
eye type bracket is secured to, a guide rod 76 connecting the flange 
74 to the flange 77, a screw shaft 88 threaded rotatably into the 
ball screw nut 87, and a motor 8 9 connected through a coupling 
83 and a shaft 89a to an upper end of the screw shaft 88. > 
[0006] And in the event of using this electromagnetic shock absorber 
as a suspension for a vehicle by inserting the electromagnetic 
shock absorber between the vehicle body and the vehicle axle, an 
upper end of the electromagnetic shock absorber is connected to 
the vehicle body through a flange 8 0 secured to a flange 68 disposed 
on the motor 8 9 and a lower end thereof is connected to the vehicle 
axle through the eye type bracket 78. 

[0007] in this case, the motor 89 is connected at a lower end thereof 
to a flange 72 through a flange 70 and a connecting rod 71, a ball 
bearing 84 is secured to an inner surface of the flange 72, and 



an upper portion of the screw shaft 88. is rotatably inserted inside 
the ball bearing 84. 

[0008] Further, the flange 72 is connected to the flange 75 by 
a connecting rod 73, and the guide rod 76 is slidably inserted 
inside a bore formed in the flange 75, which allows only for a 
linear movement of the ball screw nut 87. 

[0O091 According to the concept of the suspension using the 
electromagnetic shock absorber , for example,, upon a linear movement 
of the ball screw nut 87 in the directions of the arrow "a" caused 
by vibration inputs from roads, the linear movement of the ball 
screw nut 87 is converted into a rotational movement of the screw 
shaft 88 inside ball screw nut 87 as guided by balls in the ball 
screw nut 87 and a screw groove 88a on a periphery of the screw 
shaft 88. 

[OOIO] Therefore, the rotational movement of the screw shaft 88 
is transmitted through the coupling 83 attached to the upper end 
of the screw shaft 88 as the rotational movement of the shaft 89a 
in the directions of the arrow ff b", thereby to generate an induced 
electromotive force in the motor 89- When each electrode in the 
motor 89 (not shown in particular) is short-circuited without a 
power source or connected to a control circuit for a desired 
electromagnetic force, an electrical current flows in the coil 
inside the motor 8 9 caused by the induced electromotive force and 
the motor 8 9 generates an electromagnetic force. 
[0011] At this moment, the electromagnetic force is generated in 



the opposite direction to the rotational direction of the shaft 
89a and a torque against rotation of the shaft 89a is generated 
due to the electromagnetic force, causing the rotation of the shaft 
89a of the motor 89 to be restricted. 

[0012] Then, restricting the rotation of the shaft 89a causes 
restricting rotation of the screw shaft 88 and as a result the 
torque acts as damping force that restricts the linear movement 
of the ball screw nut 87. 

[0013] Namely, the action of the torque functions as damping force 
that restricts expanding and contracting movement of the 
electromagnetic shock absorber. 

[0014] Herein, when attention is paid to the ball screw nut 87, 
as shown in Fig. 5, many balls 87a of a small diameter are disposed 
in the ball screw nut 87, these balls 87a engage with a spiral 
groove 88a of the screw shaft 88 to form a pair of screws and the 
screw shaft 88 is threaded into the ball screw nut 87 and rotated 
relative thereto. 

[0015] Accordingly, as the ball screw nut 87 linearly moves in 
an axial direction the balls travel along the groove 88a, thereby 
to forcibly supply rotational force to the screw shaft 88 to rotate 
the screw shaft 88. 

[0016] Thus, since the screw shaft 88 and the ball screw nut 87 
move with each other smoothly, it is useful as the mechanism that 
converts a linear movement required for the electromagnetic shock 
absorber into a rotational movement. 



Summary of the Invention 



[0017] The electromagnetic shock absorber without use of oil as 
described above, is very useful since the sealing mechanism to 
prevent leakage of oil or the complicated valve mechanism is not 
required, and on the other hand, brings about various problems 
as follows when in fact used in a suspension. 

[0018] Namely since in general an electromagnetic shock absorber 
is disposed obliquely between a vehicle body and a vehicle axle, 
there is a case where forces acting on the shock absorber on vehicle 
running are input to the ball screw nut not only in the axial direction 
but also in the oblique direction as bending force by pushing-up 
inputs or vibrations due to vehicle turning, rugged roads, or the 
like. 

[0019] The flange 75 bears this bending force, but a slight clearance 
between the flange 7 5 and the guide rod 7 6 or between the flange 
75 and the screw shaft 88 is inevitably formed due to machining 
and there is a case where flange 75 can not bear the bending force 
completely caused by looseness as the clearance therebetween. 
[0020] Likewise, there is looseness as the clearance between the 
ball screw nut 87 and the screw shaft 88 as produced due to machining, 
which tends to produce a loose fit therebetween. 
As a result, as a large force is input to the electromagnetic 
shock absorber in the oblique direction, it is possible that, as 



shown in Fig. 6. the electromagnetic shock absorber gets inclined 
and thereby a central axis "c" of the screw shaft 88 deviates from 
a central axis "d" of the ball screw nut 87. 

[0021] The reason for it is that since in the electromagnetic shock 
absorber the ball screw nut 87 is fitted and secured in an upper 
end of the guide rod 76, when the ball screw nut 87 receives a 
horizontal force from the eye bracket 7 8 attached to the lower 
end of the guide rod 76, a 1 rotational moment centered around a 
portion where the ball screw nut 87 and screw shaft 88 are engaged 
is exerted on the ball screw nut 87. As a result, the central axis 
of the ball screw nut 87 is inevitably out of the central axis 
of the screw shaft 88 as shown in Fig. 6. 

The ball screw nut 87 is attached to the screw shaft 88 only through 
many balls 87a and therefore, the loads exert concentrically on 
the part of the balls 87b, 87c due to deviation in the central 
axis therebetween, which tends to cause the ball 87b 87c or screw 
threads of the screw shaft 8 8 to be damaged. 

Then, caused by the damage of the balls 87b, 87c or the screw 
threads of the screw shaft 88, the rotation of the screw shaft 
88 and the ball screw nut 87 or the travel of the shock absorber 
in the expanding and contracting directions is not performed well, 
deteriorating operation of the electromagnetic shock absorber to 
cause failures thereof. 

[0022] Further, since a suspension spring is not attached to the 
above-described electromagnetic shock absorber, when the above 



electromagnetic shock absorber is interposed between a vehicle 
axle and a vehicle body for a vehicle, there is a case where the 
vehicle body of some of the vehicles to which the above 
electromagnetic shock absorber is applied is lowered and the 
electromagnetic shock absorber does not work as a shock absorber. 

The present invention, in view of the foregoing problems, has 
an object of providing an electromagnetic shock absorber that can 
be applied to a vehicle where the electromagnetic shock absorber 
uses electromagnetic force as damping force, namely enables 
generation of damping force without use of oil. 
[0023] In order to achieve the above object, a first aspect of 
the present invention is to provide an electromagnetic shock 
absorber for a vehicle in which a vehicle axle-side tube is slidably 
inserted outside a vehicle body-side tube, an upper suspension 
spring receiver is attached to the vehicle body-side tube, a lower 
suspension spring receiver is attached to the vehicle axle-side 
tube, a motor is connected inside or outside the vehicle body-side 
tube, and a ball screw nut is disposed inside the vehicle axle-side 
tube, the ball screw nut traveling together with the vehicle 
axle-side tube. A screw shaft that is connected directly or through 
a power transmission device to the motor shaft or that is formed 
integral with the motor shaft is rotatably threaded into the ball 
screw nut, wherein a linear movement of the ball screw nut is 
converted into a rotational movement of the screw shaft, which 
is transmitted to the motor shaft, thereby to generate an 



electromagnetic force, and a torque caused by the electromagnetic 
force against rotation of the motor shaft is used as damping force 
for restricting the linear movement of the vehicle axle-side tube. 
[0024] A second aspect of the present invention is to provide an 
electromagnetic shock absorber for a vehicle in which a vehicle 
axle-side tube is slidably inserted outside a vehicle body-side 
tube, an upper suspension spring receiver is attached to the vehicle 
body-side tube, a lower suspension spring receiver is attached 
to the vehicle axle-side tube, a motor is connected inside or outside 
the vehicle axle-side tube, and a ball screw nut is disposed inside 
the vehicle body-side tube, the ball screw nut traveling together 
with the vehicle body-side tube- A screw shaft that is connected 
directly or through a power transmission device to the motor shaft 
or that is formed integral with the motor shaft is rotatably threaded 
into the ball screw nut, wherein a linear movement of the ball 
screw nut is converted into a rotational movement of the screw 
shaft, which is transmitted to the motor shaft, thereby to generate 
an electromagnetic force, and a torque causedby the electromagnetic 
force against rotation of the motor shaft is used as damping force 
for restricting the linear movement of the vehicle body-side tube. 
[0025] Thus, the electromagnetic shock absorber for the vehicle 
in accordance with the first or second aspect of the present 
invention uses the electromagnetic force generated at the motor 
as damping force, and makes possible generation of the damping 
force without use of oil. 
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[0026] And since the axle-side tube is slidably inserted in the 
vehicle body-side tube, even when the bending force is exerted 
on the electromagnetic shock absorber for the vehicle, inclination 
of the axle-side tube toward the vehicle body-side tube is prevented. 
As a result, the central axis of the ball screw nut does not deviate 
from the central axis of the screw shaft, avoiding damages of the 
ball screw nut and the screw shaft, namely of the electromagnetic 
shock absorber for the vehicle. 

Further, according to the electromagnetic shock absorber, in the 
case that the motor is connected inside the vehicle body-side tube, 
since key components of the electromagnetic shock absorber for 
the vehicle such as the motor, the ball screw nut, and the screw 
shaft are covered by the axle-side tube and the vehicle body-side 
tube. Therefore, when applied to a vehicle, rain, mud, stones or 
the like do not enter into the electromagnetic shock absorber or 
hit the key components directly- Damage of the electromagnetic 
shock absorber for the vehicle due to rain, mud, stones or the 
like can be effectively prevented. 

[0027] In addition, since the suspension spring receivers are 
disposed in the electromagnetic shock absorber for the vehicle, 
a suspension spring can be attached to the electromagnetic shock 
absorber. Accordingly, when inserted between the vehicle body and 
the vehicle axle, it works as a shock absorber and can be applied 
to various vehicles. 

[0028] Accordingly, the electromagnetic shock absorber without 



use of oil can be applied to a vehicle based upon using the 
electromagnetic force as damping force due to the above-described 
effects . 

[0029] A third aspect of the present invention is to provide an 
electromagnetic shock absorber for a vehicle in which a vehicle 
axle-side tube is slidably inserted outside a vehicle body-side 
tube, an upper suspension spring receiver is attached to the vehicle 
body-side tube, a lower suspension spring receiver is attached 
to the vehicle axle-side tube, a coil is wound around a shaft 
rotatably inserted inside the vehicle body-side tube, a permanent 
magnet is disposed opposite to the coil in the vehicle body-side 
tube to generate magnetic field inside the vehicle body-side tube, 
and a ball screw nut is disposed inside the vehicle axle-side tube, 
the ball screw nut traveling together with the vehicle axle-side 
tube. A screw shaft that is connected directly or through a power 
transmission device to the shaft or that is formed integral with 
the shaft is rotatably threaded into the ball screw nut, wherein 
a linear movement of the ball screw nut is converted into a rotational 
movement of the screw shaft, which is transmitted to the shaft, 
thereby to generate an electromagnetic force, and a torque caused 
by the electromagnetic force against rotation of the shaft is used 
as damping force for restricting the linear movement of the vehicle 
axle-side tube. 

[0030] a fourth aspect of the present invention is to provide an 
electromagnetic shock absorber for a vehicle in which a vehicle 
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axle-side tube is slidably inserted outside a vehicle body-side 
tube, an upper suspension spring receiver is attached to the vehicle 
body-side tube, a lower suspension spring receiver is attached 
to the vehicle axle-side tube, a coil is wound around a shaft 
rotatably inserted inside the vehicle axle-side tube, a permanent 
magnet is disposed opposite to the coil in the vehicle axle-side 
tube to generate magnetic field inside the vehicle axle-side tube, 
and a ball screw nut is disposed inside the vehicle body-side tube, 
the ball screw nut traveling together with the vehicle body-side 
tube. A screw shaft that is connected directly or through a power 
transmission device to the shaft or that is formed integral with 
the shaft is rotatably threaded into the ball screw nut, wherein 
a linear movement of the ball screwnut is converted into a rotational 
movement of the screw shaft, which is transmitted to the shaft, 
thereby to generate an electromagnetic force, and a torque caused 
by the electromagnetic force against rotation of the shaft is used 
as damping force for restricting the linear movement of the vehicle 
body-side tube. 

[0031] Accordingly, in the electromagnetic shock absorber for the 
vehicle of the third or the fourth aspect of the present invention, 
the electromagnetic force is generated at the coil and the torque 
based upon the electromagnetic force against rotation of the shaft 
can be used as damping force restricting a linear movement of the 
vehicle body-side tube or the vehicle axle-side tube. Therefore, 
this electromagnetic shock absorber also performs the same effects 
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with the first or the second aspect of the present invention. 
[0032] Moreover, the coil or the permanent magnet is attached 
directly inside the vehicle body-side tube or the vehicle axle-side 
tube and the frame is not required to cover it . Accordingly, compared 
with the arrangement where the motor is disposed inside the vehicle 
body-side tube or the vehicle axle-side tube, the heat the coil 
generates does not remain inside the vehicle body-side tube or 
the vehicle axle-side tube. 

[0033] Also although the heat the coil generates is transmitted 
to the vehicle body-side tube or the vehicle axle-side tube, the 
heat can be effectively released by the vehicle body-side tube 
or the vehicle axle-side tube. 

[0034] Thus, since it is possible to avoid temperature increase 
of the coil itself, insulating performance of the wires forming 
the coil is not deteriorated due to chemical change of insulating 
coating of the wires. 

[0035] As a result, leakage of the coil is prevented and damage 
of the electromagnetic shock absorber for the vehicle is restricted. 
[0036] Accordingly, the electromagnetic shock absorber without 
use of oil can be applied to a vehicle based upon using the 
electromagnetic force as damping force due to the above-described 
effects . 

[0037] In the preferred mode of the first aspect or the third aspect 
of the present invention, the ball screw nut is connected to one 
end of the connecting pipe inserted inside the vehicle body-side 
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tube and the other end thereof is connected to the vehicle axle-side 
tube . 

[0038] Further, in the preferred mode of the second aspect or the 
fourth aspect of the present invention, the ball screw nut is 
connected to one end of the connecting pipe inserted inside the 
vehicle axle-side tube and the other end thereof is connected to 
the vehicle body-side tube. 

[0039] In the above preferred modes, since the connecting pipe 
is disposed inside the vehicle body-side tube or the vehicle 
axle-side tube, and the ball screw nut is directly connected to 
the connecting pipe without connection to the vehicle body-side 
tube or the vehicle axle-side tube, even if jolts occur such that 
stones hit the electromagnetic shock absorber, the ball screw nut 
can be protected. 

[0040] Additionally, if the connecting pipe shorter than the 
vehicle body-side tube or the vehicle axle-side tube is used, 
compared with the case where the ball screw nut is connected in 
the middle of the vehicle body-side tube or the vehicle axle-side 
tube, the ball screw nut can be placed in the middle of the vehicle 
body-side tube or the vehicle axle-side tube only by inserting 
the connecting pipe connected to the ball screw nut inside the 
vehicle body-side tube or the vehicle axle-side tube, providing 
an easy machining for it. 

[0041] Furthermore, in the further preferred mode of the first 
aspect or the third aspect of the present invention, a rotation 
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prevention device is disposed so that the vehicle body-side tube 
does not rotate relative to the ball screw nut. 
[0042] Moreover, in the further preferred mode of the second aspect 
or the fourth aspect of the present invention, a rotation prevention 
device is disposed so that the vehicle axle-side tube does not 
rotate relative to the ball screw nut. 

[0043] Accordingly, in the electromagnetic shock absorber of the 
above preferred modes, since the vehicle body-side tube or the 
vehicle axle-side tube does not rotate relative to the ball screw 
nut, especially when this electromagnetic shock absorber for the 
vehicle is used as a strut type and mounted on a vehicle body, 
the ball screw nut traveling together with the vehicle body-side 
tube or the vehicle axle-side tube rotates on vehicle turning, 
and then this rotational movement is transmitted to the motor shaft 
or the shaft. Thereby it is prevented that the electromagnetic 
force is generated at the motor or the coil to generate the damping 
force or the ball screw nut rotates for each vehicle turning, to 
linearly move the screw shaft, so that a vehicle height varies 
increasingly or decreasingly . 

[0044] And also in the furthermore preferred mode of the first 
aspect or the third aspect, a vehicle mounting portion is equipped 
with the upper suspension spring receiver connected between the 
vehicle body-side tube and the motor, and a suspension spring is 
inserted between the upper suspension spring receiver and the lower 
suspension spring receiver. 
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[0045] In this preferred mode, since the motor is arranged inside 
the vehicle body defined by a car body, which prevents rain, mud, 
or stones from directly hitting the motor, failures of the motor 
caused by it can be avoided. 

[0046] Also the electromagnetic shock absorber for the vehicle 
can have a sufficient stroke as a shock absorber because the motor 
in length is not added as the length of the shock absorber itself. 
[0047] Further, this electromagnetic shock absorber for the 
vehicle can work as a shock absorber between the vehicle body 
and the vehicle axle because of the suspension spring provided, 
and can be applied to various vehicles. 
[0048] Furthermore, in the preferred mode of the first aspect, 
the second aspect, the third aspect , or the fourth aspect , a vehicle 
mounting portion is equipped with the upper suspension spring 
receiver connected to a tip of the vehicle body-side tube or the 
motor, and a suspension spring is inserted between the upper 
suspension spring receiver and the lower suspension spring 
receiver. 

[0049] Accordingly, this electromagnetic shock absorber for the 
vehicle can work as a shock absorber between the vehicle body 
and the vehicle axle because of the suspension spring 

provided, and can be applied to various vehicles. 

[0050] Moreover, in the further preferred mode of the first aspect , 
the second aspect, third aspect or the fourth aspect, a vehicle 
mounting portion is constructed to include a bracket connectable 
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to a vehicle, a bush held and surrounded by the bracket, and a 
rolling bearing held and surrounded by the bush, wherein the upper 
suspension spring receiver is attached to the bracket, and the 
vehicle body-side tube or the motor is fitted in an inner surface 
of the rolling bearing. 
[OOS1] In the above preferred mode, especially when this 
electromagnetic shock absorber for the vehicle is used as a strut 
type and mounted on a vehicle body, the electromagnetic shock 
absorber itself is rotatable relative to the vehicle body on vehicle 
turning, thereby to restrict rotation of the vehicle axle-side 
tube relative to the vehicle body-side tube. As a result, the ball 
screw nut rotates and then this rotation movement is transmitted 
to the motor shaft or the shaft. Thereby it is prevented that the 
electromagnetic force is generated at the motor or the coil to 
generate the damping force or the ball screw nut rotates for each 
vehicle turning, to linearly move the screw shaft, so that the 
vehicle height varies increasingly or decreasingly. 
[0052] These and other objects, features, aspects and advantages 
of the present invention will be become apparent to those skilled 
in the art from the following detailed description, which, taken 
in conjunction with the annexed drawings, discloses a preferred 
embodiments of the present invention. 

Brief Description of the Drawings 
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(0053] Fig. 1 is a side cross sectional view of an electromagnetic 
shock absorber for a vehicle of a first embodiment according to 
the invention. 

[0054] Fig. 2 is a side cross sectional view of an electromagnetic 

shock absorber for a vehicle of a second embodiment according 

to the invention. 
[0055] Fig. 3 is a side cross sectional view of an electromagnetic 

shock absorber for a vehicle of a third embodiment according to 

the invention . 

[0056] Fig. 4 is a schematic view of an electromagnetic shock 

absorber of the related art. 
[0057] Fig. 5 is a side cross sectional view of a state where a 

screw shaft is threaded into a ball screw nut. 

Fig. 6 is a side cross sectional view of a state where a 

central axis of a ball screw nut is deviated from a central axis 

of a screw shaft. 

Detailed Explanation of the Preferred Embodiments 

[OOS8] Selected embodiments of the present invention will now be 
explained with reference to the drawings. It will be apparent 
to those skilled in the art from this disclosure that the following 
description of the embodiments of the present invention are 
provided for illustration only, and not for the purpose of limiting 
the invention as defined by the appended claims and their 
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equivalents . 
First Embodiment 

[0059] An electromagnetic shock absorber for a vehicle of a first 
embodiment according to the present invention comprises, as shown 
in Fig. 1, an outer tube 2 that is a vehicle axle-side tube, an 
inner tube 1 that is a vehicle body-side tube that is slidably 
inserted inside the outer tube 2 through bearing members 9, 10, 
a connecting pipe 5 connected co-axially inside the outer tube 
2, a motor "M" connected to an upper end of the inner, tube 1 and 
having electrodes that are is short-circuited, a ball screw nut 
3 connected to an upper end of the connecting pipe 5, a screw 
shaft 4 connected to a motor shaft "MS" of the motor W M" inside 
a frame 32 of the motor "M", a lower suspension spring receiver 
6 secured to a peripheral side face of the outer tube 2, a vehicle 
mounting portion "T" equipped with an upper suspension spring 
receiver 7attached through a nut 19 to a shaft 13 disposed above 
the motor "M", and a suspension spring 8 interposed between the 
upper suspension spring receiver 7 and the lower suspension spring 
receiver 6, which is constructed to be a strut type as shown in' 
Fig. 1. 

[0060] As explained in detail below, the outer tube 2 is cylindrical 
and has a lower end sealed by a cap "C" . An axle bracket 14 connected 
to a vehicle axle side is disposed at a lower side surface of 
the outer tube 2 and the lower suspension spring receiver 6 is 
secured to a peripheral side face of the outer tube 2. 
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[0061] The inner tube 1 is cylindrical and the motor "M" is connected 
at an upper end of the inner tube 1 and a spring seat 21 equipped 
with a cushion spring 20 is fitted in a lower end of the inner 
tube 1, which is slidably inserted inside the outer tube 2. A 
lip "R" is disposed at an opening end of the outer tube 2 and 
slides with the inner tube 1. Therefore, rain, dusts, or the like 
do not enter inside the electromagnetic shock absorber for the 
vehicle . 

(0062]And a key la is disposed on an outer surface of the inner 
tube 1 at a lower end thereof and a key groove (not shown) is 
disposed along an axial direction on an inner surface of the outer 
tube 2. The key la is engaged with the key groove, so that the 
outer tube 2 does not rotate relative to the inner tube 1. 
[0063] However , the key la and the key groove are disposed to prevent 
the inner tube 1 from rotating relative to the ball screw nut 
3 described later. Namely, the ball screw nut 3 is disposed at 
a tip of the connecting pipe 5 connected to the outer tube 2 and 
therefore, the inner tube 1 does not rotate relative to the ball 
screw nut 3 due to the relationship between the key la and the 
key groove. Instead of arranging the key la and the key groove 
between the inner tube 1 and the outer tube 2, the key la and 
the key groove may be disposed between an outer surface of the 
connecting pipe 5 and an inner surface of the inner tube 1 or 
between an outer surface of the ball screw nut 3 and the inner 
surface of the inner tube 1, and also prevention of rotation of 
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the inner tube 1 to the outer tube 2 may be carried out by 
constructions other than a key and a key groove. 
[00641 As describe above, the inner tube 1 and the outer tube 2 
slide and contact with each other through the bearing members 
9, 10, and therefore, in the event the bending force is exerted 
on the electromagnetic shock absorber for the vehicle, the outer 
tube 2 is not inclined relative to the inner tube 1. 
[0065J The connecting pipe 5 threaded into the cap "C" co-axially 
with the outer tube 2, as well as a cushion 23 contacted with 
the cap "C" are disposed inside the outer tube 2. The cushion 
23, when the electromagnetic shock absorber for the vehicle is 
contracted at a maximum, cushions jolts produced between a spring 
seat 21 disposed at a lower end of the inner tube 1 and the cap 
*C" and protects the electromagnetic shock absorber, and also 
prevents interference of the ball screw nut 3 described later 
with the motor "M" connected to an upper side of the inner tube 
1. On the other hand, when the electromagnetic shock absorber 
for the vehicle is expanded at a maximum the ball screw nut 3 
is protected by a way that the above-described cushion spring 
20 gets in contact with the ball screw nut 3. 
[00661 The connecting pipe 5 is cylindrical and, as described above, 
has a lower end threaded into the cap "C" disposed at a lower 
end of the outer tube 2, to be inserted into the inner tube 1, 
as well as has an upper end the ball screw nut 3 is connected 
to. Accordingly, the connecting pipe 5 moves together with the 
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outer tube 2 . 

[0067] Next, the motor "M" connected to an upward side of the inner 
tube 1 will be explained. The motor "M" comprises a cylindrical 
frame as a yoke (not shown) , a permanent magnet attached to the 
frame so as to generate magnetic field inside the frame, a motor 
shaft "MS" inserted rotatably into the frame through a bearing, 
a coil wound at a position opposed to the permanent magnet on 
the motor shaft "MS", a commutator disposed on an outer surface 
of the motor shaft "MS", and a brush attached to a brush holder. 
The motor "M" is well known and is connected to an upper end of 
the inner tube 1. 
[00681 The motor "M" in the above embodiment is a direct current 
motor, but may be various motors such as a brushless motor, an 
alternate current motor, and an induction motor other than a motor 
with a direct current brush. Each electrode of the motor "M" is 
short-circuited or connected to a control apparatus. 
[0069] The screw shaft 4 is threaded at an upper end into the motor 
shaft "MS" of the motor "M" , as well as inserted rotatably inside 
the inner tube 1 through the bearings 11, 12. The cushion 22 is 
disposed in a tip of a lower end of the screw shaft 4 a spiral 
groove (not shown) of which is threaded in the ball screw nut 

3. As the ball screw nut 3 moves to a lower end of the screw shaft 

4 , namely, when the electromagnetic shock absorber for the vehicle 
is expanded at a maximum, the cushion 22 prevents the ball screw 
nut 3 from slipping off the screw shaft 4, as well as eases jolts 
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caused by interference of the ball screw nut 3 with the spring 
seat 22, to prevent the damage of the ball screw nut 3. 
[00 701. in the embodiment, the upper end of the screw shaft 4 is 
threaded and connected into the motor shaft "MS" , but only if 
the rotation movement of the screw shaft 4 is transmitted to the 
motor shaft "MS", the connection method thereof is not limited 
to a threaded one, but other conventional methods may be used. 
For example, the screw shaft 4 and the motor shaft "MS" may be 
integrally molded. 
[0071] Alternatively, a power transmission device may be disposed 
between the screw shaft 4 and the motor shaft "MS", which conveys 
the rotation movement of the screw shaft 4 to the motor shaft 
"MS". In this case as the power transmission device (not shown) 
is a gear disposed in a tip of the motor shaft "MS" to be a sun 
gear, and further a sun gear is disposed in an inner surface of 
the inner tube 1, as well as a planetary gear is disposed in the 
screw shaft 4. Namely, a gear mechanism may be constructed such 
that the planetary gear is. interposed between the sun gear in 
the motor shaft "MS" and the sun gear in the inner tube 1 and 
each gear is engaged with each other. Further, alternatively a 
torsion bar may be used between the motor shaft "MS" and the screw 
shaft 4. 

[00721 As described above, in the case that the gear mechanism is 
used as the power transmission device, a rotation speed of the 
motor shaft "MS" increases or decreases relative to the rotation 
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speed of the screw shaft 4 based upon a gear ratio of each gear. 
In the case of use of the torsion bar, the torsion bar cushions 
the rotation speed of the screw shaft 4 to some extent. Therefore, 
especially when the rotation speed of the screw shaft 4 varies, 
that variation can be transmitted delayed in time to the motor 
shaft "MS" . 

[00731 As for the ball screw nut 3, although the structure thereof 
is not shown in the figure, for example, a spiral ball holding 
portion is formed in an inner surface of the ball screw nut to 
be engaged with the spiral screw groove of the screw shaft and 
many balls are disposed in the holding portion. A passage 
communicating between both ends of the spiral ball holding portion 
is disposed inside the ball screw nut for the balls to be circulated 
therein- In case the screw shaft is threaded into the ball screw 
nut, the balls in the ball screw nut are engaged in the spiral 
screw groove of the screw shaft, and as a result of the rotational 
movement of the screw shaft, the balls themselves rotate due to 
friction with the screw groove of the screw shaft, thereby to 
make possible a more smooth movement thereof, compared with a 
rack-and-pinion mechanism or the like. 

[0074] As described above, the ball screw nut 3 is rotatably attached 
to the screw shaft 4 along the spiral groove where, as the ball 
screw nut 3 linearly moves up or down, the balls in the ball screw 
nut 3 travel up or down. At this moment, since the balls move 
along the spiral screw groove of the screw shaft 4, the screw 
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shaft 4 is forcibly rotated. 

[0075] Namely, the linear movement of the ball screw nut 3 is 
converted into the rotational movement of the screw shaft 4 by 
the above mechanism. Accordingly, since the ball screw nut 3 moves 
integrally with the outer tube 2 through the connecting pipe 5, 
the linear movement of the outer tube 2 is converted into the 
rotational movement of the screw shaft 4. 

[0076J The vehicle mounting portion "T" comprises a pair of an upward 
bracket 17 and a downward bracket 18 connectable to the vehicle, 
an upper suspension spring receiver 7 attached to the bracket 
18, the bush 15 held and surrounded by the pair of the brackets 
17, 18, and the rolling bearing 16 held and surrounded by the 
bush 15 where the shaft 13 disposed at the upper end of the motor 
"M" is fitted in an inner surface of the rolling bearing 16. 

[0077] The brackets 17,18 are respectively formed like a disc having 
a concave portion in an inner surface thereof to hold and surround 
the bush 15, and include a plurality of bores (not shown) in the 
vicinity of a periphery thereof into which bolts threaded into 
a vehicle body are inserted. 
[0078] The bush 15 is held and surrounded by the concave portion 
of the brackets 17, 18 and the rolling bearing 16 is held by a 
notch formed in an inner surface of the bush 15. The shaft 13 
is engaging with the inner surface of the rolling bearing 16, 
while the vehicle mounting portion "T" is secured to the shaft 
13 by the nut 19. As a result, the electromagnetic shock absorber 
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for the vehicle is rotatable relative to the vehicle mounting 
portion "T" . 

[0079] However, according to the above construction, since in the 
electromagnetic shock absorber for the vehicle, key components 
such as the ball screw nut 3, or the screw shaft 4 are covered 
by the inner tube 1 and the outer tube 2, when applied to a vehicle, 
rain, mud, stones, or the like are not entered into the 
electromagnetic shock absorber for the vehicle and do not hit 
the above key components directly. Accordingly, the damage of 
the electromagnetic shock absorber caused by the above is avoided 
effectively. 

[OOSO] In addition, since the upper and the lower suspension spring 
receivers are disposed in the electromagnetic shock absorber for 
the vehicle and the suspension spring is interposed between the 
suspension spring receivers, even if the electromagnetic shock 
absorber is interposed between the vehicle body and the vehicle 
axle, it can work as a shock absorber and be applied to various 
vehicles. 

[0O81] However, a basic mode of the electromagnetic shock absorber 
for the vehicle as shown in Fig.l is what is called an erect type 
electromagnetic shock absorber where the inner tube which the 
motor is connected to is attached to the vehicle body and the 
outer tube is attached to the vehicle axle, but may be an inverted 
type where the vehicle body-side tube is the outer tube and the 
vehicle axle-side tube is the inner tube, and also the motor can 
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be connected, not to the inner tube as the vehicle body-side tube, 
but the outer tube as the vehicle axle-side tube. 
[0082] Further, as shown in the figure, the motor "M" is connected 
to the upper end of the inner tube 1, but may be connected inside 
the inner tubel where, since not only the ball screw nut 3 and 
the screw shaft 4 but also the motor "M" are covered by the inner 
tube 1 and the outer tube 2, even if applied to a vehicle, rain, 
mud, or stones are not entered into the electromagnetic shock 
absorber for the vehicle and do not hit the motor W M" directly. 
Accordingly, the damage of the electromagnetic shock absorber 
caused by the above is avoided more effectively. 
[0083] Also, in the case (not shown) that the motor "M" is connected 
to the outer tube 2, the ball screw nut 3 maybe connected directly 
to the inner tube 1 without the connecting pipe 5. And if the 
connecting pipe 5 shorter than the inner tube 1 is herein used, 
compared with the case the ball screw nut 3 is connected to an 
intermediate portion of the inner tube 1, the ball screw nut 3 
can be positioned in the intermediate portion of the inner tube 
1 only by inserting the connecting pipe 5 connected to the ball 
screw nut 3 inside the inner tube 1, providing an easy machining 
for them. 

[0084] Operations thereof will be explained below. In the 
electromagnetic shock absorber for the vehicle, the inner tube 
1 is attached to the vehicle body of a vehicle through the vehicle 
mounting portion "T" and the outer tube 2 is attached to the vehicle 
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axle through the axle bracket 14 where, as pushing inputs or 
vibrations are entered from roads or the like on vehicle running, 
the electromagnetic shock absorber expands or contracts. 
100851 Namely, the outer tube 2 linearly moves along the outer 
surface of the inner tubel. Then the ball screw nut 3 connected 
to the tip of the connecting pipe 5 connected to the outer tube 
2 also linearly moves, and the linear movement of the ball screw 
nut 3 is converted into the rotational movement of the screw shaft 
4 as described above, which finally is transmitted to the motor 
shaft "MS" of the motor "M" - 
[0086] In the case that the power transmission device is disposed 
between the screw shaft 4 and the motor shaft "MS" and the power 
transmission device is a planetary gear, the rotational speed 
of the motor shaft "MS" of the motor "M" increases or decreases 
more than the rotational speed of the screw shaft4 depending 
upon a gear ratio of the planetary gear. 
[0087] Thus, as the motor shaft "MS" of the motor "M" rotates, the 
coil wound around the motor shaft "MS" crosses magnetic flux 
that the permanent magnet attached to the frame of the motor 
"M" forms, thereby to produce an induced electromotive force. 
Then, when each electrode of the motor "M" is short-circuited, 
namely when the coil is short-circuited, an electrical current 
flows in the coil due to an induced electromotive force, to produce 
an electromagnetic force, namely a torque against rotation of 
the motor shaft "MS". 
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[0088] As a result, the torque against rotation of the motor shaft 
"MS" restricts the rotational movement of the motor shaft "MS". 
Accordingly, the rotation of the screw shaft 4 is restricted 
by restricting the rotation of the motor shaft "MS" and as a 
result the linear movement of the ball screw nut 3 and finally 
the linear movement of the outer tube 2 to which the ball screw 
nut 3 is connected through the connecting pipe 5 are restricted. 
Therefore, the torque against the rotation of the motor shaft 
"MS" due to the electromagnetic force acts as damping force. 
(0089] As described above, in the electromagnetic shock absorber 
for the vehicle, the linear movement of the outer tube 2 in the 
upward and downward direction relative to the inner tube 1 is 
converted into the rotational movement of the screw shaft 4, 
then to produce the rotational movement of the motor shaft "MS". 
Thereby an electromagnetic force is generated at the motor "M" 
and used as damping force. In the embodiment, since a strut type 
electromagnetic shock absorber is used, the rolling bearing 16 
is disposed in the vehicle mounting portion "T" and the 
electromagnetic shock absorber for the vehicle can rotate 
relative to the vehicle mounting portion "T" . 
[0090] Then, the electromagnetic shock absorber rotates relative 
to the vehicle mounting portion "T" on vehicle turning, but also 
the electromagnetic shock absorber itself can 'rotate relative 
to the vehicle body. As a result, rotation of the outer tube 
2 relative to the inner tube 1 is restricted and the ball screw 
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nut 3 rotates . This rotation of the ball screw nut 3 is transmitted 
to the motor shaft or the shaft. Accordingly, it is prevented 
that damping force by the electromagnetic force produced at the 
motor or the coil is produced or that the 

vehicle height changes by the linear movement of the screw shaft 
caused by rotation of the ball screw nut for every vehicle turning . 

100911 Further, the key groove is formed in the inner surface of 
the outer tube 2, as well as the key la is disposed in the inner 
tube 1, and the outer tube 2 does not rotate relative to the inner 
tube 1, either. As a result, the ball screw nut 3 does not rotate 
relative to the inner tubel either. Namely, on vehicle turning 
the above problem is restricted due to the entire electromagnetic 
shock absorber for the vehicle rotating on the rolling bearing 
16, and the above problem is avoided more effectively with the 
key la and the key groove. 

[0092] Moreover, in the strut type electromagnetic shock absorber 
the above problem is prevented especially effectively and besides , 
it is needless to say that in case the electromagnetic shock 
absorber is applied where the ball screw nut and the vehicle 
body-side tube or the vehicle axle-side tube rotate and the above 
problem tends to occur, the like effect can be obtained. 
[0093] Also, in the above description, the torque against rotation 
of the motor shaft "MS" is produced by short-circuiting each 
electrode of the motor "M" . However, alternatively, for example, 
the motor "M" is connected to an electrical circuit an internal 
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resistance of which varies depending on magnitude of an induced 
electromotive force , and an amount of an electrical current flowing 
in the motor "M" due to the induced electromotive force may be 
modified by this electrical circuit. By doing so, the electrical 
current flowing in the motor "M" can be modified and then the 
damping force produced at the electromagnetic shock absorber for 
the vehicle can be also modified. 
[0094] In the case that the motor "M" is connected to the control 
apparatus, since a desired damping force can be obtained by 
modifying the electrical current amount flowing in the motor "M" , 
it is not necessary to supply the electrical current to the motor 
"M" positively from the control apparatus and it is required only 
to supply an electrical power necessary for operating the control 
apparatus. Accordingly, a power economy improves. 
[0095] Herein, as described above, bearing members 9, 10 are 
disposed between the inner tube 1 and the outer tube 2 and supported 
at two points, upward and downward, even if bending force is exerted 
on the electromagnetic shock absorber for the vehicle from the 
oblique direction due to vehicle turning, rugged roads or the 
like on vehicle running, the outer tube 2 does not incline relative 
to the inner tube 1, to prevent the central axis of the screw 
shaft 4 from deviating from the central axis of the ball screw 
nut 3 . 

[0096] Namely, since the respective central axes of the screw shaft 
and the ball screw nut are matched, the loads are not exerted 
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concentrically on part of the balls of the ball screw nut, thereby 
to avoid damage of the balls or the screw threads. 
[0097] Also, since the damage of the balls or the screw threads 
is prevented, the rotation of the screw shaft to the ball screw 
nut or the travel of the electromagnetic shock absorber for the 
vehicle in the expanding and contracting directions is performed 
smoothly. 

[0098] Accordingly, due to maintaining each smooth operation 
thereof the operations of the electromagnetic shock absorber for 
the vehicle are not damaged and as a result failures thereof are 
prevented . 

[0099] Moreover, as described above, if the power transmission 
device is disposed and used as the gear mechanism such as the 
planetary gear, it is possible to increase or decrease the 
rotational speed of the motor shaft "MS" of the motor "M" more 
than the rotational speed of the screw shaft 4, and a desired 
damping force can be produced by a proper combination of a gear 
ratio of each gear. However, conventional devices such as a 
frictional wheel other than the planetary gear may be used as 
the power transmission device. 

[OlOOJ Namely, when the electromagnetic shock absorber is in reality 
applied to a vehicle, if a gear ratio of each gear is selected 
properly, the damping force required corresponding to an applied 
vehicle model can be obtained without varying the specification 
of the motor "M" based upon the applied vehicle model. 
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[01011 Also; since the damping force can be varied corresponding 
to a gear ratio, in the case that a large damping force is required, 
there is no need to enlarge the motor "M" used for the 
electromagnetic shock absorber for the vehicle. Accordingly, the 
costs can be reduced. 
[0102] Moreover, in the case of using a torsion bar as the power 
transmission device, when the rotational speed of the screw shaft 
varies caused by variations of expanding or contracting speed 
of the electromagnetic shock absorber for the vehicle, the 
variation can be transmitted delayed in time to the motor shaft. 
Namely, an inertia moment of a rotator of the motor can be produced 
time-lagging behind at a starting point of expansion and 
contraction or at the variation of expansion or contraction speed. 
Herein, the inertia moment of the rotator of the motor acts so 
as to restrict the rotational movement of the screw shaft, so 
that the electromagnetic shock absorber for the vehicle produces 
damping force . As a result, that time-delays production of damping 
force due to the inertia moment of the rotator of the motor, and 
the damping force caused by the inertia moment of the rotator 
of the motor at an initial period of variation of expansion and 
contraction speed of the electromagnetic shock absorber for the 
vehicle produced prior to production of the damping force due 
to the electromagnetic force can be reduced. 
[0103] Accordingly, various problems such as the difficulty of 
controlling damping force produced by the inertia moment of the 
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above-described rotator can be reduced as much as possible, and 
the damping force production caused by the inertia moment of the 
rotator of the motor at an initial period of variation of expansion 
and contraction speed of the electromagnetic shock absorber for 
the vehicle can be reduced. As a result, when the electromagnetic 
shock absorber for the vehicle is applied to a vehicle, 
deterioration of riding comfort in a vehicle can be avoided. 
[01041 A second embodiment with reference to Fig . 2 will be explained 
as follows. Components herein identical to the components of the 
above-described embodiment are not explained in detail, only with 
the numerals attached. 
[0105] As shown in Fig. 2, the second embodiment is constructed 
such that a motor bracket 25 connecting a tube bracket 26 to the 
motor "M" is connected to an upper end of the inner tube 1 that 
is the vehicle body-side tube, and the electromagnetic shock 
absorber for the vehicle is attached to the vehiclemountingportion 
"T" by sandwiching the rolling bearing 16 of the vehicle mounting 
portion W T" with the tube bracket 2 6 and the motor bracket 25. 
However, the electromagnetic shock absorber for the vehicle, the 
vehicle mounting portion "T", and the motor "M" are the same as 
in the above-described embodiment. 
[0106] The tube bracket 26 is cylindrical and connected at a lower 
end to the inner tube 1, and around a periphery of the intermediate 
portion is formed disposed the step for sandwiching the rolling 
bearing 16. 
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10107] The. motor bracket 25 is cylindrical with a diameter thereof 
enlarged at an upward side, and fits the tube bracket 26 into 
a lower and inner surface therein, and sandwiches the rolling 
bearing 16 with the lower end thereof and the step of the tube 
bracket 26. 

[0108] a connecting shaft 27 connected to an upper end of the screw 
shaft 4 is inserted in the inner surface of the tube bracket 2 6 
and the motor bracket 25 and threaded at an upper end thereof 
into the motor shaft "MS" of the motor "M", and the motor bracket 
25 is secured to the tube bracket 2 6 by a nut 28 threaded at an 
upward side of the connecting shaft 27. 
[0109] Herein, the respective brackets 25, 26 are shaped like the 
above-described, but different shapes thereof may be made if the 
screw shaft 4 is rotatably connected to the motor shaft "MS" and 
the electromagnetic shock absorber for the vehicle is attached 
to the rolling bearing 16. 
[0110] However, the connecting shaft 27 connected to the upper end 
of the screw shaft 4 is threaded and connected to the motor shaft 
"MS" by screwing, and the connection method thereof is not limited 
to the screwing, but other conventional methods may be used only 
if the rotational movement of the screw shaft 4 is transmitted 
to the motor shaft "MS". Also the screw shaft 4, the connecting 
shaft 27, and the motor shaft "MS" may be integrally molded in 
the same way with the above-described embodiment. 
[0111] In regards to the operations, as the above embodiment 
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described, the ball screw nut moves up or down by expansion and 
contraction of the electromagnetic shock absorber for the vehicle, 
to cause rotational motion of the screw shaft 4 , which is restricted 
by an electromagnetic force in the motor "M" generated based upon 
rotation of the motor shaft "MS" connected to the screw shaft 
4 . As a result, the expansion and contraction of the electromagnetic 
shock absorber for the vehicle is restricted. Namely a damping 
force can be produced. Accordingly, the effects identical to those 
of the above-described embodiment can be obtained. 
[0112] Moreover, the motor "M" is disposed over the vehicle attaching 
portion "T" and placed inside the vehicle body defined by the 
car body. Therefore, it is avoidable that rain, mud, or stones 
hit directly the motor, to effectively prevent failures of the 

motor caused by it. 
[0113] With this construction, consideration for motor length in 
designing the electromagnetic shock absorber for the vehicle is 
unnecessary and a stroke of the electromagnetic shock absorber 
necessary for a shock absorber of an applied vehicle can be obtained 
sufficiently. 

[0114] Finally a third embodiment shown in Fig. 3 will be explained. 
The third embodiment, as shown in Fig . 3, includes permanent magnets 
31a, 31b attached inside the inner tube 1, to produce a magnetic 
field inside the inner tube 1, a shaft "S" rotatably inserted 
through bearings 37, 38 inside the inner tube 1, a coil 32 wound 
on the shaft "S" at a position opposite to the permanent magnets 
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31a, 31b, a commutator 33 disposed on an outer periphery of the 
shaft "S" likewise, and a brush 34 attached to a brush holder 
(not shown) . Thus the inner tube 1 functions as a yoke and the 
other components of the third embodiment are identical to those 
of the first embodiment described above. 

[0115] The brush 34 is connected through the brush holder to an 
electrical wire 36, which includes two conductors (not shown) 
connected respectively to the brush 34, and tips thereof are 
short-circuited. Hence, in this case it is not necessary that 
the electrical wire 36 is short-circuited outside the inner tube 
1 and the brushes 34 each other may be short-circuited inside 
the inner tube 1 . 

[0116] The single brush 34 is, however, shown in Fig. 3 and in fact 
a pair of the brushes 34 are disposed, which are respectively 
adapted to contact the commutator 33 and the coil 32 is connected 
to the commutator 33. Accordingly, the coil 32 crosses the magnetic 
field generated at the permanent magnets 31a, 31b upon rotation 
of the. shaft "S", to produce an induced electromotive force. For 
reasons of the short-circuit of the coil 32 through the commutator 
33, the brush 34, and the electrical wire 36 an electric current 
flows in the coil 33 to generate an electromagnetic force. 

[01 17] With the third embodiment, the shaft "S" rotates due to 
expansion and contraction of the electromagnetic shock absorber 
for the vehicle and the electric current caused by the induced 
electromotive force flows in the coil, enabling generation of 
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the electromagnetic force. Therefore, it is needless to say that 
the effects of the third embodiment identical to those of the 
above-described embodiment can be performed and moreover the coil 
32 or the permanent magnets 31a, 31b are directly attached inside 
the inner tube 1 and it is not necessary to dispose a frame for 
covering them. As a result in comparison with disposition of the 
motor inside the inner tube 1, it is prevented that heat generated 
by the coil 32 is caught inside the inner tube 1. 
[0118] Although the heat generated by the coil 32 is transmitted 
to the inner tube 1, the heat can be effectively released through 
the inner tube 1 . 
[0119] Accordingly an increase in temperature of the coil itself 
can be avoided and deterioration of an insulating performance 
caused by chemical changes in the insulating coating of the 
conductors forming the coil can be prevented. 
[0120] Then leakage of the coil is prevented and damage of the 
electromagnetic shock absorber for the vehicle is restricted. 
However, with the embodiment, a strut-type electromagnetic shock 
absorber for a vehicle is explained , but the present invention 
is designed to provide an electromagnetic shock absorber which 
can be applied to a vehicle and therefore, it is apparent that 
the present invention can be embodied to an electromagnetic shock 
absorber other than a strut type thereof. 

As explained above, according to the invention, an 
electromagnetic force generated at a motor is used as a damping 
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force, namely, a damping force can be produced without any special 
use of oil. 

[0121] Since the axle-side tube is slidably inserted in the vehicle 
body-side tube, even when the bending force is exerted on the 
electromagnetic shock absorber for the vehicle, inclination of 
the axle-side tube toward the vehicle body-side tube is prevented. 
As a result, the central axis of the ball screw nut does not deviate 
from the central axis of the screw shaft, avoiding damages of the 
ball screw nut and the screw shaft. 

[0122] Further, in the case that the motor is connected inside the 
vehicle body-side tube, since key components of the electromagnetic 
shock absorber for the vehicle such as the motor, ball screw nut, 
and screw shaft are covered by the axle-side tube and the vehicle 
body-side tube. Therefore, when applied to a vehicle, damage of 
the electromagnetic shock absorber for the vehicle due to the rain, 
mud stones or the like can be effectively prevented. 
[0123] In addition, since the suspension spring receivers are 
disposed in the electromagnetic shock absorber for the vehicle, 
when inserted between the vehicle body and the vehicle axle, it 
works as a shock absorber and can be applied to various vehicles. 
[0124] Further, in the case of using a planetary gear as the power 
transmission device, a 

desired damping force by a proper combination of gear ratios of 
the respective gears can be obtained. However, as the power 
transmission device, conventional devices such as a frictional 
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wheel other than the planetary gear may be used. 

[0125] With this, a desired damping force corresponding to an applied 

vehicle can be obtained without alternation of the specification 

of the motor. 

[0126] in case a large damping force is required, since a damping 
force can be varied based upon a gear ratio, it is not necessary 
to enlarge size of the motor used in the electromagnetic shock 
absorber. 

[0127] Moreover, in the case of using a torsion bar as the power 
transmission device, an inertia moment of a rotator of the motor 
can be produced time-lagging behind at a starting point of the 
expansion and the contraction of the electromagnetic shock 
absorber or at the variation of expansion or contraction speed 
thereof. As a result, the damping force caused by the inertia 
moment of the rotator of the motor at an initial period of variation 
of expansion and contraction speed of the electromagnetic shock 
absorber for the vehicle produced prior to production of the damping 
force due. to the electromagnetic force can be reduced. 
[0128] Accordingly, various problems such as the difficulty of 
controlling damping force produced by the inertia moment of the 
above-described rotator can be reduced as much as possible, and 
the damping force production caused by the inertia moment of the 
rotator of the motor at an initial period of variation of expansion 
and contraction speed of the electromagnetic shock absorber for 
the vehicle can be reduced. As a result, when the electromagnetic 
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shock absorber for the vehicle is applied to a vehicle, 
deterioration of riding comfort in a vehicle can be avoided. 
[0129] Moreover, in the case of attaching the coil or the permanent 
magnet directly inside the vehicle body-side tube or the vehicle 
axle-side tube, the frame is not required to cover it. Accordingly, 
compared with the arrangement where the motor is disposed inside 
the vehicle body-side tube or the vehicle axle-side tube, the heat 
the coil generates does not remain inside it. 

[0130] Also although the heat the coil generates is transmitted 
to the vehicle body-side tube or the vehicle axle-side tube, the 
heat can be effectively released by the vehicle body-side tube 
or the vehicle axle-side tube. 

[0131] Accordingly, since it is possible to avoid temperature 
increase of the coil, insulating performance of the wires forming 
the coil is not deteriorated due to chemical change of insulating 
coating of the wires. 

[0132] As a result, leakage of the coil is prevented and damage 
of the electromagnetic shock absorber for the vehicle is restricted . 
[0133] This application claims priority to Japanese Patent 
Application No. 2002 - 366415. The entire disclosure of Japanese 
Patent Application No. 2002 - 366415 is hereby incorporated herein 
by reference . 

[0134] While only selected embodiments have been chosen to 
illustrate the present invention, it will be apparent to those 
skilled in the art from this disclosure that various changes and 
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modifications can be made herein without departing from the scope 
of the invention as defined in the appended claims. Furthermore, 
the foregoing description of the embodiments according to the 
present invention are provided for illustration only, and not for 
the purpose of limiting the invention as defined by the appended 
claims and their equivalents . 



What is claimed is: 

1 . An electromagnetic shock absorber for a vehicle that comprises : 
a vehicle body-side tube; 

a vehicle axle-side tube slidably inserted inside or outside 
the vehicle body-side tube; 

an upper suspension spring receiver attached to the vehicle 
body-side tube; 

a lower suspension spring receiver attached to the vehicle 
axle-side tube; 
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